The development of new liquid and solid state electrolytes is paramount for the advancement of electrochemical devices such as lithium batteries and solar cells. Ionic liquids have shown great promise in both these applications. Here we demonstrate the use of phosphonium cations with small alkyl chain substituents, in combination with a range of different anions, to produce a variety of new halide free ionic liquids that are fluid, conductive and with sufficient thermal stability for a range of electrochemical applications. Walden plot analysis of the new phosphonium ionic liquids shows that these can be classed as ''good'' ionic liquids, with low degrees of ion pairing and/or aggregation, and the lithium deposition and stripping from one of these ionic liquids has been demonstrated. Furthermore, for the first time phosphonium cations have been used to form a range of organic ionic plastic crystals. These materials can show significant ionic conductivity in the solid state and thus are of great interest as potential solid-state electrolyte materials.
Introduction
The use of ionic liquids is now prolific across many different areas of scientific research and commercialization. Their unique physicochemical properties impart excellent solubilising properties, hence their applicability for many different types of synthetic reactions, while their unparalleled electrochemical stability in some cases makes them highly advantageous as electrolytes for a wide range of electrochemical devices including dye-sensitized solar cells, 1,2 actuators 3-5 and batteries. [6] [7] [8] [9] [10] Ionic liquids have also attracted attention as green solvents for organic synthesis, catalysis and separations, [11] [12] [13] [14] [15] and are considered to be promising electrolytes for the electrodeposition of metals, alloys and nanomaterials. [16] [17] [18] [19] One of the many advantages of ionic liquids is that their physical properties can, to a certain extent, be tailored by judicious choice of the cation and anion. For example, the bis(trifluoromethanesulfonyl)amide anion ( Fig. 1 ) 20 has been a champion anion for electrochemical applications; the electron withdrawing CF 3 group effectively delocalizes the negative charge across the anion, thereby reducing interactions with nearby cations. More recently, the smaller bis(fluorosulfonyl) amide anion (FSA, Fig. 1) , [21] [22] [23] which also features significant charge delocalization, has been reported to impart even lower viscosities and higher conductivites, 24 however, some concerns have been raised about the stability of this anion at elevated temperatures. 25 The range of cations commonly utilized in ionic liquids is less diverse than the choice of anion, with the vast majority of the research focusing on quaternary ammonium species such as the imidazolium, tetraalkyl ammonium or pyrrolidinium families. 13, 26, 27 Phosphonium cations have received less attention despite a number of distinct advantages in terms of stability 28, 29 Fig . 1 The chemical structures, and abbreviations, of the cations and anions utilised in the new phosphonium-based ionic liquids and organic ionic plastic crystals. and the potentially enormous range of different salts that can be developed by modification of any of the four different alkyl substituents. A number of phosphonium ionic liquids are now commercially available, 28 but this still represents only a fraction of this large and promising family. Furthermore, the majority of research to-date has focused on phosphonium ionic liquids utilising large cations, such as the trihexyl(tetradecyl)phosphonium, [P 6 6 6 14 ], which generally impart significantly higher viscosities, and hence lower conductivities, than the smaller species. 29 Thus, synthesis of ionic liquids utilising phosphonium cations with smaller alkyl chain substituents (and less symmetry where possible) is highly desirable for the development of these new ionic liquids for a range of different applications.
Applications of phosphonium ionic liquids currently include phase transfer catalysis, 30, 31 in supercapacitors, 32 in dye-sensitised solar cells, [33] [34] [35] [36] as corrosion inhibitors, [37] [38] [39] or lubricants, 40, 41 and their improved suitability for use with strong bases, compared to that of the imidazolium-based ionic liquids, has been demonstrated. 42, 43 Finally, their application in lithium batteries has been recognised. 44 However, despite the importance of such research, and the suitability of this type of ionic liquid for these devices, investigations into the electrochemical properties of phosphonium ionic liquids, 35, 45, 46 and the electrodeposition of lithium from these new materials, [47] [48] [49] are still sparse. Organic ionic plastic crystals are crystalline phases found in many of the same organic salt families that exhibit various forms of disorder and therefore exhibit plastic mechanical properties.
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This, and their intrinsic ionic conductivity, makes them of interest as solid state ion conductors. 51, 52 The plastic phase is typically reached by one or more solid-solid phase transitions on warming of the fully ordered crystalline phase from low temperatures. Interestingly, there has been little attention paid thus far to the occurrence and properties of this type of phase behaviour in the phosphonium family of organic salts.
Here we report the synthesis of novel, halide free phosphonium salts utilising small cations with a range of different anions (Fig. 1) . While use of the bis(trifluoromethane)sulfonyl amide and bis(fluorosulfonyl)amide anions allows the formation of a number of novel ionic liquids, use of the hexafluorophosphate, tetrafluoroborate or thiocyanate anions also allows the synthesis of new organic ionic plastic crystals, which are of significant interest in a number of applications of solid state electrolytes. Further, the electrochemical stability and efficacy of lithium deposition from the new phosphonium ionic liquids are demonstrated using both alloying and non-alloying electrodes.
Results and discussion
For a large number of synthetic and electrochemical applications, the presence of halides in an ionic liquid can have a detrimental, even catastrophic, effect.
53 Furthermore, the presence of even low levels of halide impurities can significantly reduce the window of electrochemical stability, 54 thus limiting their applicability in electrochemical devices. Among the phosphonium salts commercially available, those utilising the tosylate anion have the added advantage that they can be synthesised halide free, by direct reaction of the tertiary phosphine with an alkyl tosylate, without the need to generate the tetraalkylphosphonium halide intermediates. 28 Thus, utilisation of phosphonium tosylate salts as starting materials then allows the facile metathesis into a range of alternative salts, according to eqn (1) , to allow the formation of a range of halide free phosphonium salts.
[ Bu.
Thermal properties
The new ionic liquids show diverse thermal properties depending on the structure of the cation and the anion, as shown in Fig. 2 . The phase transition temperature data and the entropies of fusion (DS f ) are summarised in Table 1 . A low entropy of melting is a well known characteristic of plastic crystal behaviour; typically well ordered crystalline organic salts can have
, while the disorder present in the plastic phase can lower DS f to less than 20 J K À1 mol
À1
. 55 The salts have been classified according to the traditional definition, 56 where those with a melting point of below 100 C are considered to be ionic liquids. Those with melting points above 100 C, and that display at least one solid-solid phase transition, fall into the category of organic ionic plastic crystals and these are discussed in the next section. However, there are a number of new phosphonium salts reported here that have melting points above room temperature but below 100 C and that also display plastic crystal behaviour, such as multiple solid-solid phase transitions and low entropies of melting, and hence we have also considered these materials as organic ionic plastic crystals. Thus, it is important to note that there is some overlap between the two families, and that the classification depends to a certain extent on the use; an organic ionic plastic crystal with a melting point above room temperature may be useful as a solid state electrolyte in electrochemical devices, but may also be used as an ionic liquid in higher temperature applications.
For completeness, the N(CN) 2 salt of the [P 1 2 2 4 ] cation is discussed within the family of new phosphonium ionic liquids. However, in parallel with our work, the N(CN) 2 45 and hence, although we also prepared these salts, they are not further ) and therefore this compound does not appear to be exhibiting strong plastic crystalline behaviour.
Molecular plastic crystals, such as succinonitrile, were first described in the 1960s, 55 and this early work identified a number of features of plastic crystal behavior, such as the low entropy of melting. As the most plastic phase of these compounds is commonly reached via one or more solid-solid phase transitions, which represent the onset of molecular rotations within the material, the rotational component of the entropy of fusion is already present in the solid phases and hence the entropy of fusion in the transition from phase I to the melt is small (by convention, the highest temperature solid phase is denoted phase I, with subsequent lower temperature phases denoted phase II, III, etc.). In other words, by phase I the material can be quite disordered and ''liquid like''. However, this criterion may only be appropriate to plastic crystals containing one molecular species; if the plastic crystal contains two different ions, as is the case for organic ionic plastic crystals, and only one of the ions exhibits rotator motions, then the entropy of melting may be higher than 20 kJ mol À1 , as is observed for a number of organic ionic plastic crystals, 57 including some of the phosphonium salts reported here.
A number of the new phosphonium salts synthesised display high melting points and multiple solid-solid phase transitions ( Fig. 3 and Table 2 ). This is of significant interest as it is the first observation of organic ionic plastic crystals utilising phosphonium cations.
The [P 1 2 2 4 ] cation forms plastic crystals when combined with the SCN, BF 4 and PF 6 anions; these materials melt at lower temperatures than their [P 1 4 4 4 ] analogues, but at temperatures that are still sufficiently high for their potential application as solid state electrolytes for a range of electrochemical devices.
All of these salts show rich phase behaviour, with multiple solidsolid phase transitions, while the entropy of fusion of the [P 1 2 2 4 ] [PF 6 ] and [P 1 2 2 4 ] [SCN] salts is extremely small-the smallest that we have previously observed for any organic ionic plastic crystal-indicating that the materials are very disordered in phase I. This is consistent with the high conductivity of these salts, as discussed further below. The thermal behaviour of the SCN and BF 4 salts, which are in phase I over a relatively wide and suitable temperature range, is also ideal for their use as solid state electrolytes. has such a low entropy of fusion, quenching was performed to visually confirm crystallisation; upon cooling the sample to À80 C a white solid formed, indicating crystallisation. C) temperature range; as this is the most conductive phase, this is a highly beneficial attribute for any plastic crystal with potential applications as a solid state electrolyte for electrochemical devices. However, the entropy of fusion of these compounds are relatively large, and hence outside the criteria for molecular plastic crystals, 55 which suggests that in phase I the materials are not completely rotationally disordered. This is also reflected in the low conductivities of these salts compared to their [P 1 2 2 4 ] analogues, as discussed later.
Thermal stability
Many of the potential applications of ionic liquids centre on their ability to be used at high temperatures without degradation; their use as replacements for traditional organic solvents relies on the ability to remove solvents and reagents/products by distillation at elevated temperatures, while recycling of the ionic liquid, which is crucial to overcome cost disadvantages, may also require exposure to high temperatures. Furthermore, the potential use of ionic liquids in applications such as catalysis, in high temperature electrodeposition processes or in electrochemical devices that may be exposed to elevated temperatures over extended time periods makes their thermal stability of critical importance. Thermogravimetric analysis of the new phosphonium ionic liquids (Fig. 4) clearly indicates that, across the range of different cations studied, the NTf 2 anion imparts superior thermal stability compared to the FSA anion. This is consistent with recent studies on FSA ionic liquids utilizing imidazolium and pyrrolidinium cations, 25, 58 which raise concern over the suitability of these electrolytes for some applications. The traces also suggest a difference in the decomposition mechanism of the two types of materials as only the FSA salts show two or three different stages of decomposition.
The thermal stability of the new phosphonium salts with the BF 4 , PF 6 , SCN and N(CN) 2 anions (Tables 1 and 2 
Viscosity
The viscosity of an electrolyte can significantly limit the performance of electrochemical devices as it influences the ionic conductivity and mass transport of ionic species through the electrolyte. The viscosity of ionic liquids depends strongly on temperature, as shown in Fig. 5 and Table 3 , for the phosphonium salts analysed. As is often observed for ionic liquids, the temperature dependence of the viscosity shows a slight deviation from Arrhenius behaviour in the lower temperature region, as indicated by the non-linearity of the plots. a The small peak before the melt, at 141 C, is considered to be too small to be classed as a solid-solid phase change. Measurement of the densities of the different phosphonium ionic liquids (Table 3) shows that the fluorinated anions result in denser ionic liquids than for the dicyanamide-based species, which has a density similar to water.
Conductivity
Clearly one of the most fundamental attributes of any electrolyte is the conductivity, and in ionic liquids and organic ionic plastic crystals this can be heavily influenced by the nature of the cations and anions. The ionic conductivity of a pure ionic liquid depends on the mobility of ions, which is influenced by the size of the ion, the formation of any aggregated species, and the viscosity. The high temperature conductivities of the new phosphonium ionic liquids (Fig. 6a) 
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The significant differences in conductivity of the different salts at lower temperatures (Fig. 6a) C, shows low conductivity in the low temperature region but this increases steadily as the temperature increases towards the melt. Interestingly, although there is no ambient temperature phase change visible in the DSC of this material (Fig. 2) , there is a significant (reproducible) increase in the solid state conductivity at 25 C, similar to the steps in conductivity previously observed at the phase changes of other organic ionic plastic crystals, 59,60 which may suggest an increase in the disorder or a change in the conductivity mechanism within the material at this temperature. As the temperature is further increased, the subsequent significant conductivity increase is a result of the salt melting, and a similar jump in the conductivity is observed upon the melting of [P 2 2 2 4 ][NTf 2 ], at 63 C (Fig. 6a) . The solid state conductivities of the new phosphonium-based organic ionic plastic crystals are also heavily influenced by the nature of the cation and anion and by the thermal behaviour of the different salts. The conductivity of [P 1 2 2 4 ][PF 6 ] increases steadily until the phase IV to III transition, at 24 C, but remains relatively constant through the III to II transition and only starts to increase significantly at temperatures above 100 C, which is approaching the phase II to I transition (122 C) and the melt (139 C, Table 2 ). The conductivity of [P 1 2 2 4 ][BF 4 ] increases slowly up until room temperature and then at an increased rate at higher temperatures; this change in gradient is not associated with any phase change in the material, which is in phase I between À55
C and 136 C ( Fig. 6 The ionic conductivity of (a) the new phosphonium ionic liquids and (b) the phosphonium organic ionic plastic crystals.
markedly different (Fig. 3) , these materials exhibit similar temperature-dependent conductivities, illustrating the complexity of predicting the ionic conductivities of these systems.
The conductivity of [P C.) It is this fast ion conduction that makes the use of these materials as solid state electrolytes so compelling.
Ionicity
The product of ionic mobility and solvent viscosity, known as the Walden product, 61, 62 can provide valuable insight into the degree of ionic interactions within an ionic liquid. 63 For infinitely dilute electrolyte solutions, the Walden product is a constant expressed by Lh ¼ k, where L is the molar conductivity, h is the viscosity and k is a temperature-dependent constant. Thus, this predicts that a plot of log L vs. log 1/h gives a straight line that passes through the origin; the ''Walden plot''. Assessment of this relationship for ionic liquids compared to the behaviour of a completely dissociated reference material-provided by data from a 0.01 M KCl solution, which provide the so-called ''ideal line''-allows qualitative assessment of ion association such that any downward deviation from the ideal line indicates the presence of ion pairing, aggregation or the low dissociation of ions.
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Indeed, Angell et al. 61 have classified the behaviour of ionic liquids, according to the Walden rule, into different categories: superionic (above the line), poor (at least an order of magnitude below the line) or good (close to the line). For example, protic ionic liquids generally fall well below the line, due to incomplete proton transfer, and are thus considered to be poor ionic liquids.
62,64
The Walden plot of the new phosphonium ionic liquids (Fig. 7) shows that the salts all lie slightly below the ideal line, indicating that they have a low degree of pairing or aggregation type interactions and that they can therefore be considered as ''good'' ionic liquids. It appears therefore that the previously observed tendency of some phosphonium ionic liquids to exhibit ion association is a tendency of the larger phosphonium cations that were involved in that work. 63 
Electrochemical properties
The electrochemical stability of an ionic liquid is paramount for its successful use as an electrolyte in electrochemical applications such as lithium batteries. Lithium ion batteries commonly utilise a lithium conducting liquid or solid electrolyte, where a lithium salt such as LiNTf 2 is dissolved in a mixture of organic solvents, for example cyclic carbonates. 8 However, ionic liquids have recently attracted significant attention as electrolytes for lithium batteries because of their non-flammability, thermal stability, high ionic conductivity and wide electrochemical window.
9,65,66
At least 4 V of electrochemical stability is necessary for any lithium-ion conducting electrolyte to be used in this context. For this application, ionic liquids utilising the imidazolium cation have been the most widely studied, 8 but the use of alternative ammonium-based cations, such as quaternary ammoniums, pyrrolidiniums, morpholiniums, etc. has also been reported.
6-10
Recently, interest has turned to the use of quaternary phosphonium ionic liquids as electrolytes for electrochemical devices, because of their enhanced thermal stability, low viscosity and high ionic conductivity. 45, 46, 67 However, there is still a scarcity of studies on the electrochemistry of these materials, 10, 46 and even fewer that report the electro-deposition of lithium. [47] [48] [49] This is the first study of lithium deposition and stripping from ionic liquids utilising a small phosphonium cation.
The Fig. 8 ; these ionic liquids show electrochemical windows approaching 6 V, with anodic and cathodic limiting potentials up to 3.0 and À3.0 V respectively. Close examination of the cyclic voltammograms reveals a small anodic peak current at around 1 V, which is the result of the re-oxidation of reduced components in the ionic liquids, as observed in earlier work. 68, 69 To verify this, the anodic and cathodic limiting potentials of [P 1 2 2 4 ][NTf 2 ] were recorded separately using a freshly polished glassy carbon electrode (Fig. 8b and c) , and these scans showed no peak at 1 V.
Generally, it is the cation of the ionic liquid that most influences the cathodic stability limit, and the anion that influences the anodic limit, although the anion can also limit the cathodic stability.
10 Interestingly, comparison of the two different phosphonium ionic liquids (Fig. 8a) shows that the while the cathodic stability of the two ionic liquids is the same, the [P 1 2 2 4 ] cation imparts a slightly better anodic stability than the [P 1 4 4 4 ] when combined with the same anion. Thus, this ionic liquid was chosen for the lithium electrodeposition-stripping studies.
Cyclic voltammograms in the lithium deposition and stripping region of potential on the glassy carbon electrode are shown in Fig. 9a . A well defined cathodic deposition peak is observed in the first scan but with subsequent sweeps the deposition shifts to more negative potentials and the current decreases considerably. No stripping peak is visible in the reverse scan. At slower sweep rates (10 mV s À1 , Fig. 9b ) some nucleation and growth of metallic lithium is perhaps evident, and the deposition current increases slightly with cycle number as the surface area during the nucleation process increases. The absence of an oxidation peak and the very small stripping currents on the glassy carbon electrode suggest the formation of a thick solid electrolyte interphase SEI layer due to the breakdown of the ionic liquid, which influences the lithium deposition-stripping and may restrain the lithium redox behaviour. 70 It further suggests a role for the native oxide film on the metal electrode as well as the underpotential deposition processes known to occur on a Pt electrode.
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The cyclic voltammograms of lithium deposition and stripping, on a nickel electrode, are shown in Fig. 9c . The sharp rise in the cathodic current at À0.2 V vs. Li/Li + is characteristic of the reduction of lithium ions to metallic lithium, with the anodic peak at 0.1 V in the reverse scan corresponding to the subsequent oxidation of the deposited lithium metal. The lithium deposition current decreases with cycle number, and the stripping peak moves towards more positive potentials, suggesting the formation of solid electrolyte interphase films, probably involving the IL, which in this case is able to support lithium transport through the film. 8, 10, 72 The broad pre-peak at around 0.35 V in the first cycle is related to SEI formation from the [NTf 2 ] anion, particularly when a small quantity of water is present in the IL, 73, 74 and the under-potential deposition of lithium may also occur at these potentials.
10,49 The ''cross-over loop'', obtained between the cathodic and anodic parts of the voltammograms during the reverse scan, is characteristic of a nucleation and growth process occurring during the electrodeposition of lithium. 6, 17, 18, 69 On platinum, bulk lithium deposition starts around 0 V vs. Li/Li + (Fig. 9d ) and multiple stripping peaks occur during the reverse scan, characteristic of the formation of a Li-Pt alloy. 7, 8, 10, 75 The lithium deposition shifts to more negative potentials with increasing cycle number, while the stripping shifts to more positive potentials, and the corresponding current decreases. This behaviour is attributed to the deposition of 'mossy' lithium, under the diffusion limited conditions in the CV experiment, and subsequent 'fouling' of the electrode surface. Comparison of the lithium stripping peaks from the Pt electrode ( Fig. 9d) with those of the nickel (Fig. 9c) suggests that the peak common to both, at around 0.25 V, is due to the stripping of metallic lithium, while the other peaks that occur with the Pt electrode are a result of Li-Pt alloys.
7,8,10,75

Conclusions
In the drive towards expanding the range of useful ionic liquids, with suitably low viscosities and sufficient stability and conductivity for electrochemical uses, phosphonium-based ionic liquids are proving exceptionally promising. Utilisation of smaller alkyl groups on the phosphonium cation, in combination with a range of different anions, yields a variety of new ionic liquids and organic ionic plastic crystals that are very promising electrolyte materials for both solid-and liquid-state devices. The ability to synthesise these salts halide free, through the tosylate intermediate, is an added advantage, particularly for electrochemical applications where residual halide impurities in ionic liquids is a continuing problem. Walden plot analysis of the new phosphonium ionic liquids shows that these can be classed as ''good'' ionic liquids, with low amounts of the ion pairing and/or aggregation that can be detrimental to the viscosity and conductivity. Furthermore, initial results indicate the electrochemical stability of the salts to be good, and the successful deposition and stripping of lithium ions has been demonstrated.
Experimental Analysis
The purity of the ionic liquids was confirmed by NMR, Electrospray Mass Spectroscopy and Karl Fischer (for water content). No trace of the tosylate anion was observed in any of the NMR or mass spectra. Differential scanning calorimetry was performed across the temperature range of À150 C to 250 C, at a scan rate of 10 C min À1 . Transition temperatures were reported using the peak maximum of the thermal transition and entropies of fusion were calculated from the melting endotherm area (DH f ) according to DS ¼ DH f /T m .
Thermogravimetric analysis was performed using a dry nitrogen atmosphere, at a heating rate of 10 C min À1 in platinum pans.
Density measurements were performed using an Anton Paar DMA 5000 density meter, from room temperature to 90 C. The viscosity was measured using an Anton Paar AMVn, from room temperature to 90 C. The viscosity of [P C as the melting point of the salt is 52 C. Cyclic voltammetry was performed using a Princeton Applied Research VMP2/Z multi-channel potentiostat and EC-LabÒ software v9.55 using a three electrode cell system. The electrochemical window of the ionic liquid was measured using a 1 mm diameter glassy carbon disc as a working electrode, coiled platinum wire as the counter electrode and a silver wire quasi-reference electrode at 50 C. A Ag wire pseudo reference was used to allow initial comparative assessment of the width of the electrochemical window and any intermediate processes. The glassy carbon electrode was polished using 0.05 mm alumina, washed thoroughly with distilled water and dried under a nitrogen stream. The ionic liquids were dried under vacuum at 70 C for 24 h and de-aerated by bubbling with nitrogen gas for 20-30 min before each experiment. The electrodeposition/stripping of lithium was performed in an argon glove box at 50 C. 1 mm diameter nickel, glassy carbon and platinum working electrodes were used, with a lithium foil counter electrode and lithium quasi-reference electrode-this is only referred to as a pseudo reference since the actual redox couple cannot be rigorously identified; Lewandowski and Swiderska-Mocek have called this a Li/SEI/Li+ electrode, 
Synthesis
Materials. Sodium tetrafluoroborate, potassium hexafluorophosphate, sodium dicyanamide and potassium thiocyanate were purchased from Sigma-Aldrich and used as received. Lithium bis(trifluoromethanesulfonyl)amide was purchased from 3M, potassium bis(fluorosulfonyl)amide was purchased from Dai-chi Kogyo Seiyaku (Japan). Diethyl(methyl) isobutylphosphonium tosylate, triisobutyl(methyl)phosphonium tosylate, triethyl(methyl)phosphonium tosylate and triethyl(isobutyl)phosphonium tosylate were purchased from Cytec Industries and used as received.
Diethyl(methyl)(isobutyl)phosphonium bis(trifluoromethanesulfonyl)amide, [P 1 2 2 4 ][NTf 2 ]. Diethyl(methyl)(isobutyl) phosphonium tosylate (20 g, 0.06 mol) and lithium bis(trifluoromethanesulfonyl)amide (18 g, 0.06 mol) were added together in water (100 mL) producing a white precipitate. The slurry was stirred overnight at room temperature before the solid was isolated by filtration and washed several times with water. The solid product was then dissolved in dichloromethane and the organic phase again washed with water. The dichloromethane was then removed on a rotary evaporator and the solid product was dried at 70 C for 48 hours under vacuum. 4 ]. Sodium tetrafluoroborate (9 g, 0.083 mol) was added to triisobutyl(methyl)phosphonium tosylate (30 g, 0.08 mol) in distilled water (50 mL) and the solution stirred at room temperature for several hours, producing the product as a white precipitate. The product was isolated by filtration, washed several times with distilled water, recrystallised from dichloromethane and dried at 70 C in vacuo for 48 hours. . Lithium bis(trifluoromethanesulfonyl) amide (8 g, 0.03 mol) was added to triethyl(methyl)phosphonium tosylate (10 g, 0.03 mol) in distilled water (50 mL) and the solution stirred at room temperature for several hours, producing the product as a white precipitate. The product was then isolated by filtration, washed several times with distilled water, recrystallised from dichloromethane and dried at 70 C in vacuo for 48 hours. was added to triethyl(methyl)phosphonium tosylate (10 g, 0.033 mol) in distilled water (50 mL) and the solution stirred at room temperature for several hours, giving the product as a white precipitate. The product was isolated by filtration, washed several times with distilled water, recrystallised from dichloromethane and dried at 70 C in vacuo for 48 hours. . Potassium bis(fluorosulfonyl)amide (6.5 g, 0.03 mol) was added to triethyl(butyl)phosphonium tosylate (10 g, 0.033 mol) in distilled water (50 mL) and the solution stirred at room temperature for several hours, giving the product as a colourless liquid in a second phase. The product was separated and washed several times with distilled water before being dissolved in dichloromethane and filtered (200 nm filter) to remove any residual potassium salts present. The product was then dried at 70 C in vacuo for 48 hours. 
